Using automated measurements of kappa and lambda light chains and IgG, IgA, and 1gM, we assessed the utility of the kappa/lambda ratio and the heavy chain/light chain ratio in characterizing monoclonal immunoglobulins previously identified by sensitive electrophoresis on agarose gel and typed by immunofixation or immunoelectrophoresis.
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Monoclonal immunoglobulins (monoclonal gammopathies) arise from malignancies of B-cell origin or from restricted immune responses due to hyperstimulation of one or a few clones. They may be of any immunoglobulin class, and monoclonal immunoglobulin light chains may be present, either alone or in conjunction with intact immunoglobulin molecules. They are undetectable by simple immunoglobulin quantification, because they may be present despite normal values for total immunoglobulin concentrations. Monoclonal gammopathies are identified as single or multiple bands, known as "paraproteins," on serum protein electrophoresis (SPE), but the sensitivity of different types of electrophoretic procedure for detecting them varies considerably (1). Their presence is confirmed and their immunoglobulin class is established by either immunoelectrophoresis (IEP) (2) or immunofixation (WE) (3).
The recent development of quantitative assays for kappa (K) and lambda (A) light chains, either attached to intact immunoglobulin molecules or free, has led to the proposal that disturbance of the normal K to A ratio and of the normal light to heavy chain ratio may be used to detect or confirm most immunoglobulin abnormalities, which now requires IEP or IFE (4). We have examined 348 sera by the Kallestad Immunochemical Evaluation (ICE) system of automated heavy-chain and light-chain assays on two different instruments, one turbidimetric and one nephelometric, and compared the findings with those by agarose electrophoresis followed by IEP or WE. With this approach we detected 93.4% of the paraproteins detected by a sensitive agarose electrophoresis system and correctly typed 89% of the latter.
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Nonstandard abbreviations: SPE, serum protein electrophoresis; IEP, immunoelectrophoresis; IFE, immunoflxation; ICE, Immu-In addition, eight cases with serum monoclonal light chains were found that had not previously been identified by bands on electrophoresis.
Materials and Methods

Samples
In center 1, a district general hospital, all samples found to contain paraproteins or demonstrating abnormal inununoglobulin concentrations during four months were included in the study. We also took as controls 100 normal samples at random from clinical samples demonstrating no abnormality on electrophoresis or immunoglobulin measurements.
In center 2, a reference center, the same procedure was used but, because more "difficult" samples are referred to this laboratory, the sample mix is biased towards paraproteins of low concentration. Both centers defined paraproteins as bands seen on agarose gel electrophoresis (Paragon; Beckman Instruments Inc., Brea, CA 92621-6209). They were typed by IFE in center 1, and by IEP in center 2, after separation on agarose. Antisera used for WE and IEP were supplied by Atlantic Antibodies, Scarborough, ME 04074. Concentrations of monoclonal immunoglobulins were measured by densitometry of agarose electrophoretic separations (5). Table 1 gives the characteristics of the paraprotein-containing samples.
Quantification of Immunoglobulins
Center 1 used an endpoint turbidimetric assay procedure on a centrifugal analyzer (Cobas Bio, Roche). The antisera and calibrators were supplied by Kallestad Diagnostics, Austin, TX 78701, in the form of the Quantimetric-2 test kit. Center 2 used kinetic nephelometry in the Beckman Immunochemistry System (ICS; Beckman Instruments). For heavy-chain assays we used ICS reagents, for lightchain assays the Quantimetric-2 reagents.
Assays for heavy chains were calibrated by using the calibrator SPS-01 (PRU Central Antiserum Purchasing 
Immunochemical Evaluation (ICE)
The ICE approach to evaluation of patients' samples depends on the ic/A ratio and (or) the heavy-chain/lightchain ratio falling outside the reference interval for sera containing monoclonal gammopathies. The reference intervals we used for the immunoglobulins were those routinely used in our laboratories, obtained by excluding the highest and lowest 2.5% of restlts for 1000 normal samples. Those The heavy-chain class of the paraprotein can be simply allocated if a single heavy chain has a concentration equal to or greater than that of the monoclonal light chain. To allow for assay imprecision, we allocated a heavy chain only if the heavy-chain concentration exceeded 110% of that of the monoclonal light chain. Samples containing biclonal or oligoclonal bands, or polyclonal hypergammaglobulinemia together with a monoclonal immunoglobulin, may have more than one heavy chain fulfilling this criterion, in which case they cannot be typed by this method. Samples in which no heavy chain is present in sufficient concentration similarly cannot be typed. In all such cases, further investigation by IFE/IEP is indicated.
Results and Discussion
We examined 348 serum samples by SPE and quantitative measurements of IgA, IgG, 1gM, ic, and A. If a paraprotein was visible or any abnormality of the ic/Aratio or lightchain excess was demonstrated, it was characterized by IFE or IEP and classified accordingly (Tables 1 and 2 11.0 g/L; concentrations <1 g/L were calculated as being 1 g/ L). In general, as would be expected, these paraproteins were present in low concentrations (Table 1) . None of these sera demonstrated immunosuppression, and three had concomitant polyclonal increases in other immunoglobulins, which could be expected to obscure the increasedlight chain produced by the monoclone. Two had paraprotein concentrations of 10 g/L or greater, and we are surprised that these did not yield an abnormal ic/A ratio. Possibly these light chains were unreactive in the assay, owing to steric effects inhibiting antibody binding ( Of 191 samples, 21 did not contain a paraprotein band on SPE but demonstrated an abnormal ic/A ratio. Monoclonal light chains were detected by WE in eight of these, six of which showed immunosuppression.
Typing of Paraprotein
Samples containing a paraprotein categorized by IFE and IEP were allocated a heavy-chain class by comparing the concentration of the monoclonal light chain with that of each heavy chain (see Materials and Methods). Those in which this agreed with the previous findings were classified as having been correctly typed by ICE. If it was not possible to type the heavy chain in this way, these were classified as untypeable by ICE. This, together with the ic/Aratio, never resulted in incorrect typing, but it did fail to type 11% of paraproteins, mainly paraproteins in low concentration (Table 1). Although IgD, IgE, light chain, and biclonal paraproteins cannot be typed by this technique, the results compare well with other studies in which 66% (10), 71% (11), 89% (4), and 90% (9) of paraproteins were correctly categorized.
The Heavy Chain/Light Chain Ratio
The percentage difference obtained by subtracting the total light-chain concentration from the total heavy-chain concentration was found by Caron et al. (personal communication) in 472 normal blood donors to show a mean of + 3.6% (SD 4.3%). They suggest on an empirical basis that a difference exceeding +10% may indicate the presence of free light or heavy chains. The 2.5 and 97.5 percentiles for the difference between heavy chains and light chains in our study were -7% to + 12%. Examining the samples from center 1 that fell outside these limits showed heavy-chain excess in 16 samples, seven of which contained paraproteins. We did not search for free heavy chains in these sera; although this may be one explanation for the finding, we think that decreased reactivity with antisera to light chains in paraproteins (12) is a more likely explanation. Light chains were in excess in 30 samples. IFE showed monoclonal light chains, either alone or in association with intact immunoglobulin paraproteins, in 23 of these. Seven of eight samples that contained monoclonal light chains alone demonstrated both an abnormal ic/Aratio and >10% excess of light chains. One sample, however, showed a ic/A ratio of 2.3 with a 32% excess of light chains. The evidence suggests that the percentage difference is a useful parameter for indicating the presence of monoclonal light chains particularly if accompanied by an abnormal ic/A ratio.
In summary, we conclude: #{149} In this study the ICE system detected 93.4% of the paraproteins previously seen on SPE. These were of all immunoglobulin classes, including IgD. Low concentration in serum was the main reason for failure. Electrophoresis remains essential in the detection of paraproteinemia.
#{149} The ICE system correctly typed 89% of paraproteins previously detected by SPE. The remainder were untypeable; none was incorrectly typed. Automated ic and A measurement (7, 13) in addition to electrophoresis and immunoglobulin assays could replace the majority of WE and IEP testing. #{149} In our study, eight light-chain monoclonal gammopathies were found that were not detected by SPE. Measurement of ic and A may thus be a useful method of detecting this clinically important form of monoclonal gammopathy.
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